Effi cient extraction of granitic magma from crustal sources requires the development of an extensive permeable network of melt-bearing channels during deformation. We investigate rocks that have undergone deformation and melting within the Karakoram Shear Zone of Ladakh, NW India, in which leucosome distribution is inferred to record the permeable network for magma extraction. Delicate structures preserved in these rocks record the development of this permeable magma network and its subsequent destruction to form a mobile mass of melt and solids, resulting from the interplay between folding and magma migration. During folding, magma migrated from rock pores into layer-parallel and axial-planar sheets, forming a stromatic migmatite or metatexite with two communicating sets of sheets, intersecting parallel to the fold axis. Once the network was developed, folding and stretching was eased by magma migration and slip along axial planar magma sheets. Folding and magma migration led to layer disaggregation, transposition, and the formation of a diatexite where rock coherency and banding were destroyed. A number of structures developed during this process such as cuspate fold hinges, disharmonic folds, truncated layering, shear along axial planar leucosomes, and fl ow drag and disruption of melanosomes. In this system, magma migration was an integral part of deformation and assisted the folding and stretching of metatexites, while folding gave rise to a magma sheet network, now preserved as leucosomes, as well as the pressure gradients that drove magma migration and the breakup of the metatexite. Thus, metatexite folding increased melt interconnectivity, while magma mobility increased strain rate and released differential stresses.
INTRODUCTION
Mechanisms that allow draining of granitic magma from regions of crustal anatexis and that lead to large magma accumulations, such as plutons and batholiths, control not only the evolution of granitic systems but also crustal differentiation and crustal rheological and thermal evolution (Hollister and Crawford, 1986) . How magma is transferred from source to sink is currently the most controversial aspect of granitic systems. It is the nature of the magma network in the source that ultimately controls transfer through cold, subsolidus crust (Weinberg, 1999) . Dikes are potentially an effective means of transferring magmas between source and pluton, however, dikes will only be effi cient if the source is capable of providing high magma fl uxes into the dike so as to inhibit magma from freezing in transit. This paper reports on the evolution of a remnant magma network, now preserved as leucosomes in a migmatite within the transpressive Karakoram Shear Zone, in the Tangtse gorge, Pangong Range, Ladakh, NW India (Fig. 1 ). This gorge exposes rocks that have undergone synkinematic melting at upper amphibolite facies in the presence of a water-rich volatile phase and have acted simultaneously as a transfer zone of deeper magmas, recorded by the intrusion of leucogranite sheets hundreds of meters wide (Fig. 2) . These Miocene leucogranites in leucosomes and in sheets are broadly of the same age and modal composition as those forming the Karakoram Batholith Weinberg and Searle, 1998) , exposed northeast of the gorge (Fig. 1) , and thus the crustal section exposed in the gorge is interpreted to represent a magma transfer and production zone to the batholith. This region is similar to the transpressive shear zones through anatectic rocks of the Armorican terrane in Brittany (Brown, 1978; Brown and D'Lemos, 1991) and its counterpart in the Iberian Peninsula (Hutton and Reavy, 1992) .
Leucosomes are material crystallized from melt-rich bands developed by melt segregation from the solid matrix during anatexis. Leucosomes preserved in exposed anatectic migmatites do not generally represent pure melts but are the result of accumulation of residual and newly grown magmatic crystals, left behind by melt which escaped the system (Marchildon and Brown, 2003) . The geometry of leucosome networks in migmatites is thus only a partial record of the network that existed at the time of melt migration. They are nevertheless the best record available. Leucosomes are interlayered with melt-poor bands, known as melanosomes, which generated and lost signifi cant volumes of melt and are composed either of residual or peritectic minerals, or known as mesosomes, which generated a lower melt volume. Interlayering of leucosomes, mesosomes, and melanosomes forms banded rocks. Where banding is well preserved, indicating that the rock did not lose coherency during melting, the migmatite is referred to as metatexite, or as stromatic migmatite. Because metatexites maintain a solid framework, melt can be extracted from their solid matrix (Brown, 1973) . As the melt fraction increases, either through further melting (White et al., 2005) or through melt injection, the solid matrix loses cohesion with wholesale disruption of preexisting structures, giving rise to a diatexite migmatite (Brown, 1973) . The transition from metatexite to diatexite therefore corresponds to signifi cant rock weakening related to the loss of the solid skeleton (Burg and Vanderhaeghe, 1993) , with major implications for crustal straining.
The melt fraction required to disrupt the solid matrix depends on crystal size and shape distribution, their preferred orientation, and the nature and intensity of straining (Miller et al., 1988; Rosenberg and Handy, 2005; van der Molen and Paterson, 1979; Vigneresse et al., 1996) . It follows that melt redistribution within metatexites, without an increase in overall melt fraction, can cause its disruption (Sawyer, 1998) . Tectonically driven deformation plays a crucial role in enhancing melt segregation from rock pores from grain to outcrop scale, and in redistributing melt within the rock mass (Brown and Solar, 1998; McLellan, 1988; Sawyer, 1991) . Thus, crustal deformation, melt segregation, and redistribution are all intimately related to the breakdown of the solid framework of metatexites .
A number of papers have investigated the geometries of granitic magma segregation through the study of structural relationships between leucosomes and their surroundings (Brown, 1994 (Brown, , 2005 Brown and Solar, 1998; Collins and Sawyer, 1996; D'Lemos et al., 1992; Hand and Dirks, 1992; Sawyer et al., 1999; Vernon and Paterson, 2001) . Few have studied the path taken by magma moving along anatectic zones (Allibone and Norris, 1992; Greenfi eld et al., 1998; Hand and Dirks, 1992; Sawyer, 1998 Sawyer, , 1999 possibly as a result of the morphologic complexity of leucosomes, as pointed out by Sawyer (1999) , and possibly as a result of the absence of unambiguous indicators of the direction of magma migration. The purpose of this paper is to examine the evolution of the geometry of magma migration paths during fold transposition within the Karakoram Shear Zone, and to determine how folding and melting interacted to destroy preexisting layering and disaggregate the rock mass to form a tectonic diatexite.
REGIONAL GEOLOGY
The rocks exposed in the Tangtse gorge are part of the Pangong Metamorphic Complex (Fig. 2) . This complex was exhumed within an ~7-km-wide pop-up structure , part of the 1000-km-long, dextral Karakoram Shear Zone, one of the greatest strike-slip faults that accommodate the lateral extrusion of Tibet in response to the northward indentation by India (Brown et al., 2002; Tapponnier, 1975, 1978; Searle et al., 1998; Valli et al., 2007; . The metasedimentary sequence exposed (Fig. 2) is characterized by a biotiterich sequence of metamorphosed psammites, semipelites, and pelites (Bt psammite in Fig. 2) thick sequences of calc-silicate, and a sequence of hornblende-bearing rocks, assumed to represent a volcanic or volcaniclastic sequence (Hbl-bearing sequence in Fig. 2 ), interlayered with narrow and now disrupted bands of calcsilicates. A calc-alkaline granitic suite intruded the metasedimentary sequence, forming two biotite-hornblende granodiorite bodies with minor diorite and granite bands, in the gorge section. The biotite-rich clastic sequence, the hornblende-bearing volcaniclastic sequence, and the calc-alkaline granodiorite intruding them have undergone partial melting, forming migmatites that feed leucogranite dikes and irregular pods of widths up to hundreds of meters to a kilometer (Weinberg, 1999; Weinberg and Searle, 1998) .
The biotite-rich clastic sequence in the gorge is typically composed of biotite, plagioclase, and quartz and minor fi ne-grained garnet and tourmaline. The hornblende-bearing sequence is typically composed of hornblende, biotite, plagioclase, and quartz, and varying modal proportions give rise to gradation between biotite, hornblende gneisses and amphibolites. Rolland and Pêcher (2001) estimated upper amphibolite conditions for rocks in this area with T ~700-750 °C and P ~4-5 kbar. During metamorphism, the biotite-rich clastic sequence is interpreted to have melted in situ without the production of obvious peritectic minerals. Garnet is thought to pre-date melting (rather than being a peritectic phase) because: (a) K-feldspar, which is generally a product of garnet-producing dehydration melting involving biotite, is absent (Spear, 1993) ; and (b) garnet distribution is generally unrelated to the distribution of either leucosomes or refractory melanosomes.
The hornblende-bearing sequence, in contrast, is interpreted to have undergone melting accompanied by the growth of peritectic, euhedral porphyroblasts of poikilitic hornblende. Typical leucosomes related to the melting of the biotite-rich clastic sequence vary from granodiorite to granite, and are composed of quartzplagioclase-K-feldspar-biotite-muscovitetourmaline-garnet. Melting is inferred to have occurred at the wet granite solidus, involving H 2 O as a free phase, and we refer to this process as wet melting. The presence of water during metamorphism would also explain the growth of peritectic hornblende in the hornblende gneisses (Berger et al., 2007; Mogk, 1992) .
Water infi ltrated into this region from an unknown source. The most obvious water source is the subsolidus rock packages exposed to the NE and SW of the Pangong Range, which were underthrust by the pop-up structure that exhumed the Pangong Metamorphic Complex. During partial melting, some biotite may have been dissolved by the melts or may have been T a n g t s e s t r a n d P a n g o n g s t r a n d involved in melting reactions leading to the production of peritectic hornblende in the presence of a water-rich volatile phase (Lappin and Hollister, 1980; Mogk, 1992) . Most of the biotite, however, remained stable and was dragged and disaggregated by melt migration as solids (Milord et al., 2001 ) together with preexisting and newly grown peritectic hornblende (Fig. 3) .
SHRIMP U-Pb zircon dating yielded a crystallization age between 18 and 13.5 Ma for leucogranite samples from the gorge (Phillips et al., 2004; Searle et al., 1998) . Interestingly, two of the dated leucogranites contained inherited zircons dated ca. 63 Ma and ca. 106 Ma . These ages are similar to those obtained for the calc-alkaline Ladakh Batholith (Honegger et al., 1982; , which crops out immediately south of the Karakoram Shear Zone (Fig. 1) . Although crystallization ages of the calc-alkaline suite in the gorge are currently unavailable, Rb-Sr whole rock geochronology yielded and age of 118 ± 18 Ma (Ravikant, 2006) . It is therefore inferred that anatexis of this suite may have contributed with melt and the older zircons to form the leucogranite sheets. Ar-Ar data derived from the leucogranites indicate rapid cooling during the period between 17 and 13 Ma, at which time the Ladakh Batholith to the SW had already cooled to below <150 °C . North of the Karakoram Shear Zone, lower grade biotitestaurolite-garnet schists, calc-schists, marbles, and amphibolites form the Karakoram Metamorphic Complex.
The Karakoram Shear Zone is characterized by oblique slip with components of dextral strike slip and reverse slip . In the Tangtse gorge, the Karakoram Shear Zone trends toward 140° and dips subvertically, generally containing a stretching lineation plunging toward 30-40° NW , but ranging between those values and 0° to 10° SE. High-strain, mylonitic zones are concentrated in two main shear zones, one on either margin of the 7-km-wide zone: the Pangong strand bounds the Pangong Range to the NE, and the Tangtse strand bounds it to the SW .
Between these two strands, rocks are also sheared but generally not as intensely. In less strained areas, rocks preserve folds with steep axial planar foliation trending between 120° and 140° and plunging moderately NW (Fig. 2 insert) . These folds are interpreted to have formed contemporaneously with shearing, because they are kinematically compatible, and because shearing and folding were both contemporaneous with anatexis. All rocks, including leucogranite sheets and leucosomes, are overprinted by either shear planes or axial planar foliation. Typically, though, leucosomes or leucogranites cropping out within the gorge, away from the bounding shear zones, are characterized by relatively low strain indicated by mineral preferred orientation, bent plagioclase lamellar twins, myrmekite, and undulose extinction plus subgrains in quartz. Thus, the contemporaneity of events suggests that the shear zone underwent anatexis during transpressive deformation, driven by ~N-S directed shortening .
RESULTS
The focus of this paper is a diatexite layer ~300 m wide trending NW-SE and dipping steeply. This diatexite developed within the hornblende-bearing sequence and is sandwiched between metatexites composed of hornblendebearing leucosomes and hornblende-bearing gneisses and amphibolites (Fig. 2 ). In the diatexite, there is a variety of leucosome types of different modal compositions and textures. They vary from pegmatitic to medium-grained, and from leucogranites to leucotonalites, and contain different proportions of biotite and hornblende. Some leucosomes have minor muscovite, tourmaline, titanite, and garnet.
The diatexite includes metric to decametric regions where folded metatexites are preserved and which record the stepwise breakup of layer continuity. Rocks preserved in this region are similar to the intermediate hornblende gneisses and amphibolites found in surrounding metatexites. Descriptions of the stepwise breakup of metatexites are based on either the predominantly steep outcrop exposures, or on large (1-80 m 3 ) displaced but locally derived angular blocks in the steep scree immediately below the outcrops. Blocks are particularly useful because they allow 3D investigation. All photographs presented are taken at high angle to the axial planar foliation and approximately down fold plunges, unless stated otherwise. Many of the features described may be found in a number of fi gures; however, in the text, we refer only to the clearest examples.
The most signifi cant feature linking metatexites and diatexites is that the axial planar foliation of folds in metatexites is parallel to the irregular banding in diatexites, defi ned by partly disaggregated layers and mafi c schlieren (Fig. 3) . Figure 4 summarizes a number of features of folds in the preserved metatexites. Folds are commonly disharmonic, varying in wavelength and amplitude over short distances (Fig. 4B) . Folds have layer-parallel leucosomes linked continuously with leucosomes parallel to the axial planar orientation, which cut through fold hinges and truncate layers (Figs. 5A-5C ).
Fold hinges are commonly cuspate (Figs. 4 and 6) with or without axial planar leucosomes (Figs. 5A and 6). Figure 6A shows the relationship between a cuspate fold hinge and the breakup of a competent amphibolite layer. The displacement and partial disruption of the amphibolite block along the hinge zone, the abrupt and intense dragging of layers into the cuspate fold hinge, and layer truncation along the hinge zone all suggest mass fl ow and magma loss from left to right along the hinge zone. Also, pegmatitic material accumulated on the lefthand side of the amphibolite layer, further suggesting that migration direction (and possibly way-up, Burg and Vanderhaeghe, 1993) was to the right. Mass loss along cuspate hinges is also inferred for Figure 6B , where melanosome bands merge along the cuspate, stretched hinge zone as a result of the loss of intervening leucosome bands. Cuspate hinges and truncated layers may also exist in the absence of axial planar leucosomes (Fig. 6C) . A feature of these folds is that layer width changes abruptly or layers completely disappear across truncating axial planar foliation (Fig. 6C) .
In Figure 7 , a caulifl ower-shaped pegmatite (Burg and Vanderhaeghe, 1993) is in the concave side of an open fold. The pegmatite has irregular and undefi ned boundaries with the migmatite and intrudes the amphibolite as irregular dikelets with sharp contacts. These differences, added to the amplifi cation of the fold defi ned by ghost stratigraphy in the pegmatite, suggest that pegmatitic magma segregated from the migmatite into the hinge zone, where it ponded and intruded the impermeable amphibolite. In Figure 8 , leucosomes cut across a melanocratic layer, dragging and dis aggregating mafi c layers, which form cuspate schlieren. These become increasingly diffuse to the right, suggesting magma fl ow in that direction. In asymmetric folds is accompanied by layer rotation, disaggregation, and transposition. Parasitic, asymmetric folds are separated by well-developed axial planar foliations defi ning asymmetric "parasitic fold blocks" (2 in Fig. 4A; Figs. 10 and 11) . Typically the more external parasitic fold block, away from the hinge zone, is more stretched and rotated toward parallelism with the axial plane ( Fig. 4B; 6 in Fig. 4A ), which acts as a shear plane ( Fig. 4B ; 3 in Fig. 4A; Fig. 11A ). Axial planar shear zones allow considerable relative movement between parasitic fold blocks (Fig. 12) . Typically also, fold profi les within a parasitic fold block become gradually more rotated toward the transposition plane, until layering is transposed and the fold block is disrupted forming a diatexite (7 and vertical arrows labeled "rotation" in Fig. 4A ). Parasitic fold blocks may also split or merge with other fold blocks giving rise to disharmonic folds (Fig. 11) .
Leucosomes form a network where layerparallel and axial planar leucosomes are linked continuously (e.g., Figs. 5 and 13). Individual axial planar leucosomes merge into and out of many layer-parallel leucosomes, suggesting it communicates with and transfers magma in and out of layer-parallel leucosomes. The interconnected system of leucosomes trends on average obliquely across the fold, at an angle to the axial planar foliation (Fig. 13) gradually migrating toward the fold closure and always broadly conformable with the shape of the fold. The oblique trend is achieved by axial-planar leucosomes side-stepping from the outer parts of fold limbs toward the hinge, using layer-parallel leucosomes (Fig. 13) . Thus, if we view the leucosomes as representing magma pathways, magmas are not only segregated preferentially in fold hinge zones (Figs. 5B and 5C), but they also migrate diagonally across the fold toward the fold closure (Fig. 13) . When reaching the hinge zone, diagonal migration stalls and leucosomes either truncate the opposite fold limb, or merge with other axial planar leucosomes (Fig. 4) .
Axial planar leucosomes and zones where the main fabric has been transposed by folding commonly have blocks of melanocratic material, or irregular mafi c schlieren. These are composed mainly of biotite and hornblende plus titanite, related to disaggregation of preexisting layering (Figs. 9 and 12B ). Figure 12B shows signifi cant reduction in the width of some melanocratic layers in the hinge of disharmonic folds. For example, layer m1 narrows abruptly from 14.5 cm to 0.5 cm in the fold in the center of the image, and layer m3 narrows continuously by a factor of 10 to form a narrow, melanocratic fold hinge. This pattern, suggests mobility not only of the leucocratic layers, but also of melanocratic layers, possibly related to magma fl ow erosion. This process could in part explain the melanocratic blocks and schlieren in axial planar leucosomes in Figures 6C and 13B .
The network of axial planar and layer-parallel leucosomes, the rotation of limbs, the shearing along axial planar foliations, the breakup of hinge zones, and layer disaggregation, all combined, lead to a complete disaggregation of the metatexite. The result is a diatexite characterized by numerous blocks of refractory material (e.g., Solar and Brown, 2001) , mafi c schlieren and fragments of early crystallized and disaggregated pegmatitic K-feldspar and biotite grains (Fig. 14A) , and highly stretched asymmetric fold blocks (Fig. 14B) .
DISCUSSION

Nature and Evolution of the Magma Network
The disharmonic folds typical of these metatexites suggest that the layered sequence behaved heterogeneously. This is likely a result of variations in melt distribution and rock strength, from grain to outcrop scale, combined with the ability of magma to migrate in response to local pressure variations during folding. The interconnected system of layer-parallel and axial planar leucosomes has been described also in a number of anatectic terranes (Brown, 1994; Collins and Sawyer, 1996; Hand and Dirks, 1992; McLellan, 1988; Sawyer et al., 1999; Vernon et al., 2003; Vernon and Paterson, 2001) . In Tangtse, axial planar leucosomes have acted as magma removal pathways from within layers. This is evidenced by the dragging and disruption of fold hinges, as well as layer truncation (Figs. 6C and 12B ). The general magma drainage was from pores into layer-parallel or axial planar leucosomes (Fig. 5) , forming a network transporting magma diagonally across the fold from limbs to fold closures (Fig. 15) . This pattern is likely repeated at all scales of folding, leading to communication and fl ow from the smallest parasitic fold to the largest fold closure in the system. Metatexite breakup takes place at a number of scales and through a number of processes. At the decimeter to meter scale, layers rotate and stretch toward the axial planar orientation, magma in layer-parallel leucosomes are drained to form axial planar leucosomes (e.g., Fig. 6C) , and in the process erode melanocratic layers that disaggregate to form schlieren (e.g., Fig. 6B ). The evolution of an interconnected drainage network of melt-rich leucosomes undermines the solid framework of the metatexite, causing disaggregation and loss of continuity leading to fold breakup, with disruption of individual layers, or entire fold sections that become rafts in the diatexite (Fig. 14) .
Evidence for magma ponding in fold hinges (Allibone and Norris, 1992; Sawyer et al., 1999) is relatively uncommon in the Tangtse diatexite. Generally, hinge zones have been disrupted and transposed by magmas, and ponding is only preserved in the vicinity of amphibolite layers, the most competent rock in the system. The caulifl ower-shaped contact between pegmatite and amphibolite in Figure 7 suggests that the pegmatitic magma ponded underneath the amphibolite (Burg and Vanderhaeghe, 1993) . We postulate that if magma in Figure 7 had been capable of breaking through the amphibolite layer, it would have drained from the underlying migmatite, leading to fold tightening and dragging of metatexite layers to form a cuspate fold hinge, forming features similar to those in Figure 6A . Thus, we suggest that magma ponding under amphibolite layers, such as in Figure 7 , represents remnants of incipient folding stages, superseded everywhere else, where rocks were weaker and hinge zones were transposed.
Cuspate Folds and Magma Loss
The development of cuspate fold hinges can be divided into three stages: (a) during early fold stages, magma is mobilized along the axial plane (Fig. 5B) and ponds under competent layers (Fig. 7) ; (b) at some point magma breaks through fold hinges, dragging layers in the fl ow direction, causing cusps pointing in the direction of fl ow (Figs. 5C, 6A, and 6B); (c) magma withdrawal from the axial plane causes suturing of the fold hinge and leucosome-free cusps (Fig. 6C) . During suturing, there may be a mismatch of layers on either side of axial plane, either as a result of shearing or rotation along the plane or differential volume loss from either side (Fig. 6C) .
Cusps are the most obvious feature indicative of magma migration and mass loss. Evidence for mass loss can also be more subtle and take the form of variations in layer width or layer truncation across well-developed axial planar foliations. In Figure 6C , for example, leucosome and melanosome layers are truncated and discontinuous across such foliations (see also Fig. 6B ). Evidence for mobilization of melanocratic layers is best depicted in Figure 12B by the narrowing of melanocratic layers. Although this could refl ect primary width variations, the most likely explanation is that leucocratic magma eroded the melanocratic layers as it escaped into axial planar leucosomes, explaining the presence of irregular melanocratic blocks and mafi c schlieren in the latter. Erosion of melanocratic layers would be favored where they have rela- tively low viscosity due to the presence of melt, or where there was intense drag (a measure of magma velocity and viscosity) imparted by fl owing magma.
Maximum Stretching Axis and Axial Planar Shearing
Fold transposition was achieved in part by stretching of fold limbs (Figs. 11 and 13B ). Melt enhanced folding by allowing (a) slip along axial planar foliations, (b) signifi cant limb stretching by slip along ductile, melt-rich layer-parallel leucosomes, and (c) by actively breaking through layering, particularly competent layers in fold hinges. Volume loss or volume redistribution related to magma fl ow could have played an equally important role but is less evident. Many melting experiments have demonstrated the importance of shear zones in melt extraction, generally oriented at the more characteristic acute angle to the maximum shortening direction instead of parallel to the fold axial plane (Rosenberg and Handy, 2001) . The absence of these shear planes may be ascribed to relatively high-melt pore pressure that permitted activation of shear movement along axial plane surfaces, which have relatively small shear component on them. It is interesting to note that melting experiments have inferred that melt must have migrated along planes oriented at high angles to the shortening direction, as indicated by melt distribution after deformation (Dell'Angelo and Tullis, 1988; Rosenberg and Handy, 2001) , despite the rarity of melt pockets in this orientation. The contrast to their conspicuous presence in the fi eld may be related to differences in the nature and intensity of pressure gradients in experiments and nature.
We infer that the combination of magma fl ow, extraction, and axial planar shearing, has transferred mass within the folded rock so as to allow shortening perpendicular to the fold axial plane, and stretching perpendicular to the fold axis within the axial planar foliation (Fig. 15) . This implies a maximum stretching axis, x, plunging 50° to 60° toward the SE. By contrast, the maximum stretching axis for the mylonitic zones of the Karakoram Shear Zone is inferred to plunge parallel to the stretching lineation in the mylonites, moderately to the NW. This 90° difference in stretching axes suggests strain partitioning during transpression into simple shear in mylonites, and pure shear in folds.
Axial Planar Leucosomes
Many migmatites worldwide are characterized by layer-parallel leucosomes linked continuously with leucosomes in shear planescutting, displacing, and dragging layering (e.g., Figs. 13-14 in Brown, 1994 )-as expected from experiments. Many others, like the Tangtse migmatites, have axial planar leucosomes. What controls whether a leucosome set develops in shear zones or in axial planar orientation is an intriguing and important question because the answer underlies inferences regarding the orientation of stress axes during folding and magma migration (Vernon and Paterson, 2001 ). In Tangtse, magma drainage, combining axial planar and layer-parallel leucosomes, exploited the two most prominent weakness planes in the rock mass. This avoids the energy expenditure involved in creating new planes, such as cracks parallel to the maximum compressional stress axis or shear planes. More importantly, leucosome geometry establishes a wide magma network, with the two sets intersecting parallel to the fold axis (Fig. 15) . This network weakens the rock mass, and accelerates mass transfer driven by pressure differences, increasing strain rates by accelerating fold amplifi cation and transposition. Thus, contrary to a static perception of the system, axial planar magma-fi lled sheets in migmatites do not imply a bulk addition of mass in the direction of maximum shortening, as for dikes in brittle rocks. Rather, axial planar sheets represent the remnants of an effi cient system that transferred mass through the deforming mass, accelerating shortening in the direction of maximum shortening axis and stretching in the direction of maximum stretching axis.
Therefore, it can be further inferred that axial planar leucosomes are only likely to develop in a system where they are capable of maximizing mass transfer and enhancing straining. If this mass transfer is inhibited at any scale, leucosomes might instead explore shear bands. Thus, the rise of a network including axial planar leucosomes is an energy effi cient way of relaxing differential stresses. Vernon and Paterson (2001) suggested a number of valid reasons to account for axial planar leucosomes. The one proposed in this paper differs in that it takes into account their role in straining through maximizing mass transfer.
SENSE OF MAGMA MIGRATION
The most important indicators of the sense of magma migration in 2D fold profi les are: (a) the orientation of hinge cusps, (b) the accumulation of magma on only one side of a competent layer (Burg and Vanderhaeghe, 1993) , and (c) the oblique migration of leucosomes from fold limbs to closures, broadly concordant with the general shape of the fold (Fig. 15) . These features suggest a fl ow component perpendicular to the fold axis, parallel to the inferred maximum stretching axis. Evidence for both upward and downward magma fl ow parallel to the stretching axis was found in the same outcrop or block. However, some outcrops presented asymmetries suggestive of preferential upward magma migration. We documented a number of times the presence of well-developed antiformal fold closures, sometimes side-by-side, without intervening synformal closures (Fig. 3) . This suggests that synforms may have been preferentially stretched and transposed (similar to outcrops in central Australia; Sawyer et al., 1999) . Unfortunately, we do not have statistically meaningful determination of preferential sense of magma fl ow.
Folds, because of their geometry, have markers that record magma fl ow perpendicular to the fold axis, along the axial planar foliation. However, folds lack indicators to record magma migration parallel to the fold axis. This imposes a natural bias to the observations so that the question of whether there was significant magma fl ow parallel to the fold axis cannot be easily answered. Despite this bias, the lack of an obvious mechanism to impose a pressure gradient to drive magma fl ow parallel to the fold axis, suggests that only a minor component of magma migration would have taken place in this direction (see also Brown and Solar, 1998) .
CONCLUSIONS
Delicate structures preserved in the migmatites at Tangtse reveal details of the interplay between magma migration and folding (Fig. 15) .
The two processes act in tandem and reinforce each other. Folding gives rise to the pressure gradients that drive magma migration and give rise to the network of layer-parallel and axial planar sheets, now preserved as leucosomes, that drains and disrupts the metatexite to produce the diatexite. Magma migration, in turn, arguably increases the rate of folding by effi ciently transferring material to low-pressure sites. Folding and rock disaggregation develop as a result of this organized network of leucosomes. Features such as cuspate hinges, side-stepping of axial planar leucosomes toward the hinge zone, the abrupt truncation of layers by axial planar shear zones, the removal of leucosomes and the dragging of melanosomes to form mafi c schlieren or mafi c blocks, and disharmonic folds, are all part of a single system that maximizes mass transfer and stress release. The question regarding the formation of leucosomes in the seemingly unfavorable axial planar orientation, at high angle to the statistical orientation of the maximum shortening axis, is resolved by considering it in this dynamic context. These leucosomes are remnants of magma escape pathways that allowed faster shortening parallel to the maximum shortening axis, and thus effectively relaxed differential stresses. Thus, it is this increased rate of strain by volume loss that stabilizes the development of axial planar leucosomes. 
